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There are quite a few  papers in the literature that show the delineation of disloca­
tions in bismuth single crystals (Lovell and Wernick 1959, Popkova and Predvodi- 
telev 1970, Frawley and Childs 1970). There does not seem to exist any extensive 
study on the effect of the chemical composition of the etchant on the reactivity 
at dislocations in bismuth but for a few (Vaghari and Shah 1974, Joshi and 
Shah 1984, Maniar and Shah 1983). The present communication is an attempt 
in this direction.
Single crystals of bismuth were grown by the horizontal zone-levelling method. 
Metal of 5N purity, obtained from Nuclear Fuels Complex, Hyderabad, was used. 
Single crystals were cleaved in the conventional manner at liquid nitrogen 
temperature and optically smooth surfaces were used in the present investigation. 
The etchants were made from analytical grade reagents. The etchants were 
tested for revealing dislocations (Amelinckx 1964). The activation energies were 
found from plots of the logarithm of etch-pit w idth versus the reciprocal of the 
absolute temperature. Figures 1 and 2 are the plots of log W  versus 1 /T ln  
etchants containing trifluoroacetic acid and trichloroacetic acid respectively. 
Table 1 gives the values of the activation energies for the lateral motion of 
steps at dislocations. The activation energy increases from 0.24 ±  0.01 eV to
0.38 ±  0.01 eV.
Etching the ( i l l )  cleavages of bismuth single crystals in etchants, made up 
of 2 cc fuming nitric acid to which 3 cc of IN  trifluoroacetic acid or trichloroacetic 
acid was added, for 5 seconds produced well defined, crystallographically aligned, 
triangular etch-pits at sites of dislocations of the type (111) [10T]. Etching was 
performed from room temperature to 65"C. The etch-pit w idth was measured 
using a filar eye-piece.
The activation energy was calculated using the Arrhenius law
W = A  exp ( -E /R T )
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where ■W Is the  e toh -p it w id th . T  the  absolute tem peretere etKl a consterh.
It  w as assumed th a t 'A* and 'E ' dooo t change w ith  tem perature. The second
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Figure I. Plot of log W against 1 /Tfor trifluoroacotic acid containing etchant.
term  in  eqn. ( 1) is  more im portan t, as it  g ives in fo rm a tion  o f the reaction rates. 
Since '£ ' is  a lw ays p o s itive  and a negative sign proceeds th is  term , the value o f
Figure 2. P lo t o f log W  versus 1 /T  for trich loroacetic  acid conta in ing etchant. 
'£ ' increases as the  va iue o f 'W ' decreases and hence the rate o f the corresponding
reaction.
Table I. Etchant com position  and activation  energies.
E tchant
com position
1. 2  cc Fum ing H N O ,+  
3 c c 1 N C F .C O O H
2. 2 c c F u m ln g H N O ,+  
S c c IN C C l .C O O H
A ctivation
energy
0.24 ±  O.oi” 
0.38 ±  0.01
The fo rm a tion  o f an e tc h -p it is  a k in e tic  phenomena im m ediately fo llo w in g  
the nucleatlon o f an appropriate 'h o le '. There are tw o  aspects o f the k ine tics.
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nam ely, the  nucleation o f m onom olecular steps a t d is lo ca tio n s and the  m otion  o f 
steps aw ay from  the source (G ilm an et a l 1958, Cabrera 1960).
The s itu a tio n  regarding the role o f d is lo ca tio n s in  the  a ttack o f m etal o r a llo y  
surfaces by corrosive flu id s  is  confused. Three factors are said to  govern the 
enhanced re a c tiv ity  at d is loca tions ; namely, the extra  energy at d is lo c a tio n s ; 
abnorm al stereochem istry at d is loca tion  cores and ca ta ly tic  im pu ritie s  w h ich  
accum ulate at d is loca tions (Thomas 1969).
The a ctiva tion  energy can be thought o f as a barrie r to  the occurrence o f the 
reaction. The greater the a ctiva tion  energy, slow er the reaction rate. In th is  
s tudy a d d itio n  o f trich lo roa ce tic  acid in  place o f triflu o ro a ce tic  acid  in  the etchant 
causes an increase in  the a ctiva tion  energy from  0.24  ±  0.01 eV to  0 .38  ±  0.01 eV. 
I t  is  conjectured tha t the change in the ion ic  size o f the substituen ts retards the 
la tera l m otion o f steps a t d is loca tions. Further w o rk  is  now  under progress and 
w ill be reported in  the  next part.
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